METHOD OF MANUFACTURING NON-VOLATILE MEMORY CELL 

DESCRIPTION 

CROSS-REFERENCE TO RELATED APPLICATION 

[Para 1] This application claims the priority benefit of Taiwan 

application serial no. 931 10637, filed April 16, 2004. 

BACKGROUND OF THE INVENTION 
[Para 2] Field of Invention 

[Para 3] The present invention relates to a method of manufacturing a non- 
volatile memory cell. More particularly, the present invention relates to a 
method of manufacturing a single-cell with two bits type of non-volatile 
memory cell, which is applicable to a flash memory cell and a silicon-oxide- 
nitride-oxide-silicon (SONOS) memory cell. 

[Para 4] Description of Related Art 

[Para 5] Recently, the demands on non-volatile memory devices increase 
with due to the popularity of portable electronic products. Because of the 
maturity of flash memory manufacturing techniques and the demands of 
portable electronic products, memory cell array and memory cells thereof 
having high storage density and high storage capacity become very important. 

[Para 6] Generally, a flash memory is manufactured by forming a tunneling 
oxide layer, a conductive layer and a dielectric layer sequentially. Then, the 
layers mentioned above are defined to form a floating gate and an inter-gate 
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dielectric layer. Thereafter, a control gate is formed on the inter-gate 
dielectric layer over the floating gate. 

[Para 7] However, when defects are present in the tunneling oxide layer 
underneath the polysilicon-floating gate, the reliability of devices is affected 
by the leakage current resulted from the defects. To resolve the leakage 
current issue of the devices, a charge-trapping layer is used to replace the 
polysilicon-floating gate. Since the charge-trapping layer is a silicon nitride 
layer, the non-volatile memory formed by oxide-nitride-oxide (ONO) is known 
as a SONOS memory. 

[Para 8] Due to the charge trapping function of the silicon nitride layer, 
electrons injected into the silicon nitride layer are not distributed uniformly 
therein, i.e. the electrons are only localized at a certain area of the silicon 
nitride layer. Therefore, when a SONOS memory is programmed, electrons are 
locally stored at the channel region over the source/drain region. In the 
memory mentioned above, four storage states can be written in a memory cell 
by varying voltages applied to the gate and the source/drain region. In other 
words, in this type of flash memory, two bits are stored in one cell. 

[Para 9] When programming such a SONOS memory, hot electrons injected 
into the charge-trapping layer are distributed according to the injection 
energy. However, with the trends of high integration, data with two bits stored 
in the same memory cell will influence each other so as to cause a 
programming error. Therefore, the reliability of the memory is affected 
significantly. 

SUMMARY OF THE INVENTION 

[Para 1 0] The invention provides a method of manufacturing a non-volatile 
memory cell to simplify processes and reduce the cell size of a single-cell with 
two bits type flash memory. 

[Para 1 1] The invention provides a method of manufacturing a flash memory 
cell to maintain the space occupied by a single-cell with two bits type of 
memory cell of the present invention to be about the same as that of a 
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conventional memory cell. Therefore, the costs of technical development and 
equipment investment are reduced. 

[Para 1 2] The invention provides a method of manufacturing a SONOS 
memory cell to prevent a programming error caused by electrons transferring 
from one side to the other side in the charge-trapping layer. 

[Para 1 3] As embodied and broadly described herein, the invention provides a 
method of manufacturing a non-volatile memory cell includes forming a first 
dielectric layer on a substrate. Then, a second dielectric layer having a trench 
is formed on the first dielectric layer. Thereafter, a plurality of charge storage 
spacers is formed on sidewalls of the trench. A third dielectric layer is then 
formed over the substrate to cover the first dielectric layer, the charge storage 
spacers and the second dielectric layer. A conductive structure is further 
formed on the third dielectric layer over the charge storage spacers. 
Subsequently, portions of the third dielectric layer, the second dielectric layer 
and first dielectric layer not covered by the conductive structure are removed. 
Ultimately, a source/drain region is then formed in the substrate at each side 
of the conductive structure. 

[Para 14] As embodied and broadly described herein, the invention provides a 
method of manufacturing a flash memory cell, including forming a tunneling 
dielectric layer over a substrate. A patterned dielectric layer having a trench is 
formed over the tunneling dielectric layer. Thereafter, a conductive layer is 
formed over the substrate to cover the trench. Portions of the conductive layer 
are removed to form a pair of conductive spacers on the sidewalls of the 
trench. An inter-gate dielectric layer is formed over the substrate to cover the 
patterned dielectric layer, the pair of the conductive spacers and the tunneling 
dielectric layer. Thereafter, a control gate is formed on the inter-gate 
dielectric layer over the conductive spacers. Ultimately, a source/drain region 
is formed in the substrate at each side of the control gate. 

[Para 1 5] As embodied and broadly described herein, the invention provides a 
method of manufacturing a silicon-oxide-nitride-oxide-silicon (SONOS) 
memory cell, including forming a pad oxide layer over a substrate. A 
patterned dielectric layer having a trench is formed over the pad oxide layer. 
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Thereafter, a charge-trapping layer is formed over the substrate to cover the 
trench. Portions of the charge-trapping layer are removed to form a pair of 
charge-trapping spacers on sidewalls of the trench. A top oxide layer is 
formed over the substrate to cover the patterned dielectric layer, the pair of 
the charge-trapping spacers and the pad oxide layer. Thereafter, a gate is 
formed on the top oxide layer over the charge-trapping spacers. Ultimately, a 
source/drain region is formed in the substrate at each side of the gate. 

[Para 16] In the present invention, since two charge storage structure, such as 
charge storage spacer, is formed in one memory cell, the manufacturing 
process is simplified and an area occupied by that one memory cell is reduced. 
The present invention is applied to the manufacturing of non-volatile memory 
cells, such as flash memory cells or SONOS memory cells to prevent a 
programming error caused by the electrons trapped at one end of a charge- 
trapping layer of a SONOS memory cell and extended to the other side. 
Therefore, reliability of memory devices can be improved and miniaturization 
of the SONOS memory cell is practicable. The single-cell with two bits type of 
memory cell of the present invention and the conventional memory cell are 
identical in size. Furthermore, the memory cell of the present invention can be 
manufactured by using the existing equipment and technique, and the costs of 
technical development and equipment investment are thereby reduced. 

[Para 1 7] One or part or all of these and other features and advantages of the 
present invention will become readily apparent to those skilled in this art from 
the following description wherein there is shown and described a preferred 
embodiment of this invention, simply by way of illustration of one of the 
modes best suited to carry out the invention. As it will be realized, the 
invention is capable of different embodiments, and its several details are 
capable of modifications in various, obvious aspects all without departing from 
the invention. Accordingly, the drawings and descriptions will be regarded as 
illustrative in nature and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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[Para 1 8] The accompanying drawings are included to provide a furtPier 
understanding of the invention, and are incorporated in and constitute a part 
of this specification. The drawings illustrate embodiments of the invention 
and, together with the description, serve to explain the principles of the 
invention. 

[Para 1 9] FIG. 1 A ~ FIG. 1 D are schematic top views of a portion of a flash 
memory cell showing the steps for fabricating a flash memory according to the 
first embodiment of the present invention. 

[Para 20] FIG. 2A ~ FIG. 2F are schematic cross-sectional views of a portion of 
a flash memory cell showing the steps for fabricating a flash memory 
according to the first embodiment. 

[Para 21 ] FIG. 3A ~ FIG. 3D are schematic cross-sectional views of a portion of 
a flash memory cell showing the steps for fabricating a flash memory 
according to the second embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[Para 22] The concept of the present invention is to form charge storage 
spacers as a charge storage structure. The embodiments illustrated below are 
examples of the manufacturing process of various non-volatile memory cells. 
The embodiments illustrated do not limit the scope of the present invention. 

[Para 23] FIG. 1 A ~ FIG. 1 D are schematic top views of a portion of a flash 
memory cell showing the steps for fabricating a flash memory according to the 
first embodiment of the present invention; and FIG. 2A ~ FIG. 2F are schematic 
cross-sectional views of a portion of a flash memory cell showing the steps for 
fabricating a flash memory according to the first embodiment. 

[Para 24] Referring to FIG. 1 A and FIG.2A (FIG.2A is cross-sectional view along 
line l-l of the FIG.IA), a tunneling dielectric layer 102 is formed over a 
substrate 1 GO having a plurality of isolation structures 200. The tunneling 
dielectric layer 1 02 is, for example, a silicon oxide (SiOx) layer and the 
thickness thereof may be 7.0 nm ~ 9.5 nm. A patterned dielectric layer 1 04 
having a trench 1 06 is formed over the tunneling dielectric layer 1 02. The 
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patterned dielectric layer 104, for example, is made of materials having an 
etching selectivity different from the etching selectivity of conductive spacers 
formed sequentially. In addition, the patterned dielectric layer 1 04, for 
example, is made of dielectric materials having high dielectric constant. For 
instance, dielectric materials having high dielectric constant may be silicon 
nitride (SiNx), silicon oxynitride (SiOxNy), SIC, SiOxCy, hafnium oxide (HfOz), 
zirconium oxide (ZrOz), titanium dioxide (TiOz), cerium oxide (CeOz), 
lanthanum oxide (LazOs) or aluminum oxide (AI2O3). 

[Para 25] Referring to FIG. 1 B and FIG.2B (FIG.2B is cross-sectional view along 
line l-l of the FIG.l B), a conductive layer 108 is formed over the substrate 100 
to cover the surface of the trench 106. The conductive layer 1 08 is, for 
example, a doped polysilicon layer and the thickness thereof may be 20 nm ~ 
60 nm. The preferred thickness of the conductive layer 108 is 40 nm. 

[Para 26] Referring to FIG. 1 C and FIG.2C (FIG.2C is cross-sectional view along 
line l-l of FIG.l C), portions of the conductive layer 108 (shown in FIG.l B) is 
removed to form a pair of spacers 1 08a on sidewalls of the trench 1 06. The 
spacers 1 08a are formed by an etching-back process, for example. The 
distance between the spacers 108a formed in the same trench 160 is smaller 
than the resolution limit when the width of the trench 1 06 is equal to the 
minimum line width that current photolithography processes can achieve. The 
single-cell with two bits type of flash memory cell of the present invention and 
the conventional memory cell are identical in size. Furthermore, the flash 
memory cell of the present invention can be manufactured by using existing 
equipment and technique. Therefore, the costs of technical development and 
equipment investment are reduced significantly. In addition, after etching the 
conductive layer 1 08, an annealing process is performed at inert gas 
environment to eliminate the damage of the tunneling dielectric layer 102 
caused by the etching-back process. A patterned photo-resist layer 109 is 
then formed over the substrate 1 00 and is used as a mask to define the 
conductive spacer 108a. 

[Para 27] Referring to FIG. 1 D and FIG. 2D (FIG. 2D is cross-sectional view 
along line I'-l' of FIG.l D), by using the patterned photo-resist layer 1 09 
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(shown in FIG. 1 C) as a mask, a plurality of floating gates 1 1 0 is formed by 
defining the conductive spacer 108a. Then, the patterned photo-resist layer 

1 09 Is removed to expose the patterned dielectric layer 1 04, the floating gates 

1 1 0 and a portion of the tunneling dielectric layer 1 02. Thereafter, an inter- 
gate dielectric layer 1 1 2 is formed over the substrate 1 00 to cover the floating 
gates 1 10, the patterned dielectric layer 104 and a portion of the tunneling 
dielectric layer 1 02. The inter-gate dielectric layer 1 1 2 is, for example, a 
silicon oxide-silicon nitride-silicon oxide (ONO) layer or a silicon oxide-silicon 
nitride layer or a silicon oxide layer. 

[Para 28] Referring FIG. 2E, a conductive structure 1 14 including a control 
gate is formed on the inter-gate dielectric layer 1 1 2. The conductive structure 
1 1 4 can be formed by the following steps. First, a conductive layer (not 
shown) is formed on the inter-gate dielectric layer 1 1 2. Then, a capping layer 
including a silicon oxide layer and a silicon nitride layer is formed on the 
conductive layer. However, the composition of the capping layer is not limited. 
In this embodiment, the silicon oxide layer 1 1 8 is formed, for example, by 
tetra-ethyl-ortho-silicate (TEOS) as gas source. Thereafter, the silicon nitride 
layer, the silicon oxide layer and the conductive layer is patterned to form a 
plurality of control gates 1 1 6 and capping layers 1 22, wherein each capping 
layer 1 22 includes a silicon oxide layer 1 1 8 and a silicon nitride layer 1 20. In 
this embodiment, the material of the control gates 1 16 is, for example, doped 
polysilicon. As shown in FIG. 2E, the width of the conductive structure 1 14 is, 
for example, larger than or substantially identical with the width of the trench 
1 06. Then, lightly doped drain region 1 24 can be formed in the substrate 
adjacent to the control gate 1 1 6. Dielectric spacers 1 26 are then formed on 
the sidewalls of the conductive structure 1 14 and a portion of the inter-gate 
dielectric layer 1 1 2 is exposed as shown in Figure 2F. 

[Para 29] Referring to FIG. 2F, the exposed inter-gate dielectric layer 1 1 2 as 
well as the patterned dielectric layer 1 04 and the tunneling dielectric layer 1 02 
underneath are removed. Then, source/drain regions 128 are formed in the 
substrate 1 00 at each side of the dielectric spacers 1 26, which is adjacent to 
the conductive structure 1 14. 
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[Para 30] In this embodiment, since two conductive spacers for charge 
trapping are formed in one flash memory cell, resolution limit of 
photolithography process is overcome so as to miniaturize an area occupied 
by a flash memory cell. The single-cell with two bits type of flash memory cell 
of this embodiment and the conventional memory cell are identical in size. 
Furthermore, the flash memory cell of this embodiment can be manufactured 
by using existing equipment and technique. As a result, the costs of technical 
development and equipment investment are reduced. 

[Para 31 ] FIG. 3A ~ FIG. 3D are schematic cross-sectional views of a portion of 
a flash memory cell showing the steps for fabricating a flash memory 
according to the second embodiment of the present invention. 

[Para 32] Referring to FIG. 3A, a pad oxide layer 302 is formed over a 
substrate 300. Then, a patterned dielectric layer 304 having a trench 306 is 
formed over the pad oxide layer 302. The patterned dielectric layer 304, for 
example, is made of materials having an etching selectivity different from the 
etching selectivity of charge-trapping layer formed sequentially. In addition, 
the patterned dielectric layer 304, for example, is made of dielectric materials, 
which is described in the first embodiment, having high dielectric constant. 
Then, a charge-trapping layer 308 is formed over the substrate 300 to cover 
the trench 306. In this embodiment, the charge-trapping layer 308 is, for 
example, a silicon nitride layer or a silicon oxynitride layer. 

[Para 33] Referring to 3B, portions of the charge-trapping layer 308 is 
removed to form a pair of charge-trapping spacers 308a on the sidewalls of 
the trench 306. The charge-trapping spacers 308a are formed by an etching- 
back process. The distance between charge-trapping spacers 308a formed in 
the same trench 306 is smaller than resolution limit when the width of the 
trench 306 is equal to the minimum line width that current photolithography 
processes can achieve. A top oxide layer 31 0 is formed over the substrate to 
cover the charge-trapping spacers 308a, the patterned dielectric layer 304 and 
the pad oxide layer 302. Thereafter, a conductive layer 31 2 is formed on the 
top oxide layer 31 0. A capping layer including a silicon oxide layer 314 and a 
silicon nitride layer 31 6 is formed on the conductive layer 312. However, the 
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composition of the capping layer is not limited to silicon oxide and silicon 
nitride. 

[Para 34] Referring to FIG. 3C, a capping layer 31 8 is formed by patterning 
the silicon oxide layer 314 and the silicon nitride layer 316. Then, the 
conductive layer 312 (shown in FIG. 3B) is patterned to form a gate 31 2a on 
the top oxide layer 310 over the charge-trapping spacers 308a. In this 
embodiment, the material of the gate 312a is, for example, doped polysilicon. 
As shown in FIG. 3C, the width of the gate 31 2a is, for example, larger than or 
substantially identical with the width of the trench 306. Thereafter, a lightly 
doped region 320 is formed in the substrate 300 adjacent to the gate 31 2a. A 
pair of dielectric spacers 322 are formed on the sidewalls of the gate 31 2a and 
the capping layer 31 8 to expose the top oxide layer 31 0 as shown in Figure 
3D. 

[Para 35] Referring to FIG. 3D, the exposed top oxide layer 31 0 as well as the 
patterned dielectric layer 304 and the pad oxide layer 302 underneath are 
removed. Ultimately, source/drain regions 324 are formed in the substrate 
300 adjacent to the gate 31 2a and the dielectric spacers 322. 

[Para 36] As described above, the present invention at least provides the 
following advantages. 

[Para 37] 1 . Since the present invention utilizes spacers as the charge storage 
structure, the single-cell with two bits type of memory cell of the present 
invention and a conventional memory cell can be identical in size. 

[Para 38] 2. The flash memory cell of the present invention can be 
manufactured by using current equipment and technique. Therefore, the costs 
of technical development and equipment investment are reduced significantly. 

[Para 39] 3. The SONOS memory cell of the present invention can prevent a 
programming error caused by electrons transferring from one side to the other 
side in a charge-trapping layer. Therefore, miniaturization of a SONOS 
memory cell is practicable. 

[Para 40] The foregoing description of the preferred embodiment of the 
present invention has been presented for purposes of illustration and 
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description. It is not intended to be exhaustive or to limit the invention to the 
precise form or to exemplary embodiments disclosed. Accordingly, the 
foregoing description should be regarded as illustrative rather than restrictive. 
Obviously, many modifications and variations will be apparent to practitioners 
skilled in this art. The embodiments are chosen and described in order to best 
explain the principles of the invention and its best mode practical application, 
thereby to enable persons skilled in the art to understand the invention for 
various embodiments and with various modifications as are suited to the 
particular use or implementation contemplated. It is intended that the scope 
of the invention be defined by the claims appended hereto and their 
equivalents in which all terms are meant in their broadest reasonable sense 
unless otherwise indicated. It should be appreciated that variations may be 
made in the embodiments described by persons skilled in the art without 
departing from the scope of the present invention as defined by the following 
claims. Moreover, no element and component in the present disclosure is 
intended to be dedicated to the public regardless of whether the element or 
component is explicitly recited in the following claims. 
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